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Description 

[LIQUID CRYSTAL DISPLAY PANEL AND 
DRIVING CIRCUIT THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication No. 92129874, filed on October 28, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to liquid crystal display 

(LCD) panel and the driving circuit. More particularly, the 
present invention relates to the LCD panel and the driving 
circuit with fast response speed. 

[0004] Description of Related Art 

[0005] The conventional driving device for the LCD panel, in gen- 
eral, has the structure as shown in FIG. 1. The conven- 
tional LCD panel includes a liquid crystal (LC) panel 102, a 
gate driver 104 used to activate the gate lines Gl, G2, ... 
Gn of the LC panel 102, and a source driver 106 used to 



activate the source lines SI, S2, ... Sm. Usually, if the re- 
sponse speed is not sufficiently fast, the image for a fast 
motion cannot response in time, in which the image and 
text cannot be well discerned. This is known as the image 
lagging phenomenon. The response time is the essential 
factor, wherein the concerning issue is the response 
speed of the LCD panel with respect to the input signals, 
that is, the needed action time for the LCD panel to 
change from bright to dark or from dark to bright, or gray 
to gray. In general, the response time in TFT-LCD panel 
specification includes two parts, in which one is the rising 
time (Tr) and another is the falling time (Tf), and the re- 
sponse time is the sum of these two types of time. When 
the response time is smaller, the response speed is faster. 
If the response time is over 40 ms, then the image lagging 
for the motion object would occur. Currently, the LCD 
panel has the standard response time usually less than 
about 25 ms, in which a few of the LCD panels can be less 
than 16 ms. 

[0006] | n order to solve the foregoing issue, during developing 

the fast LCD panel, a manner by inserting a black image is 
used, so as to effectively trigger the visual effect by eye, 
and the image lagging phenomenon can be reduced. The 



convention method to insert the black image needs to in- 
sert a black image in a frame period, resulting in the con- 
sumption of the frame time. This causes that the response 
time of the conventional LCD panel is relatively insuffi- 
ciently short. In order to solve this issue, it needs to use 
the optically compensated birefringent (OCB) liquid crystal 
in fast response, so as to reduce the displaying time in a 
frame. The OCB liquid crystal is a special liquid crystal 
with the display cell structure. Since the OCB liquid crystal 
is necessary to be pre-converted form the splay state to 
the bend state in driving the OCB liquid crystal, so as to 
be continuously driven and produce the gray level. There- 
fore, the driving method is more complicate than the 
usual twisted nematic (TN) liquid crystal. In the OCB liquid 
crystal, it is also necessary to raise the output frequency 
of the source driving circuit, in which is usually needs to 
be over 80 KHz while the conventional TN LCD panel is 
only 48 KHz. In addition, the back light module needs to 
associate with the time sequence, so as to insert the black 
image. 

[0007] | n order to solve the foregoing specific issues about need- 
ing use of the OCB liquid crystal during the development 
of the fast-speed LCD panel, needing high driving fre- 



quency while the OCB liquid crystal is used, and needing 
to increase a controller on the back light module to pro- 
duce the black image. Then, it is necessary to have the 
driving circuit with the function to improve the response 

speed of the LCD panel. 
Summary of Invention 

[0008] The invention provides an LCD panel with increased re- 
sponse time. 

[0009] The invention provides a driving circuit for increasing the 
response time of an LCD panel. 

[0010] The invention provides an LCD panel, which at least in- 
cludes a first group of gate lines, a second group of gate 
lines, and a first group of source lines, in which gate pulse 
signals can be fed to the LCD panel through the two 
groups of gate lines. 

[0011] Preferably, in the foregoing LC panel, the first group of 

gate lines can be used to feed gate pulses of an actual im- 
age data and the second group of gate lines can be used 
to feed gate pulses of a black image data. Alternatively, 
the first group of gate lines can be used to feed gate 
pulses of a black image data and the second group of 
gate lines can be used to feed gate pulses of an actual im- 
age data. Wherein, a time difference between the first 



group of gate lines and the second group of gate lines 
being fed the gate pulses is a time period of one horizon 
line or several horizontal lines. 

[0012] Preferably, in the foregoing LCD panel, the first group of 
gate lines and the second group of gate lines are at the 
same side or at the different side. 

[0013] Preferably, in the foregoing LCD panel, it further includes 
a second group of source lines. Wherein, the first group of 
source lines can be fed with the source actual image data, 
and the other one is fed with a source black image data. 
Alternatively, the first group of source lines can be fed 
with the source black image data, and the other one is fed 
with a source actual image data. Wherein, a time differ- 
ence between the first group of source lines and the sec- 
ond group of source lines being fed data is a time period 
of one horizon line or several horizontal lines. 

[0014] The present invention also provides a driving device for a 
liquid crystal display, at least including an LC panel, a first 
gate driver having a first group of gate lines coupled to 
the LC panel, a second gate driver having a second group 
of gate lines coupled to the LC panel, and a first source 
driver having a first group of source lines coupled to the 
LC panel. 



[0015] Preferably, in the foregoing driving device for the LCD, the 
first group of gate lines is used to feed gate pulses of an 
actual image, and the second group of gate lines is used 
to feed gate pulses of a black image data. Alternatively, 
the first group of gate lines is used to feed gate pulses of 
a black image, and the second group of gate lines is used 
to feed gate pulses of an actual image data. Wherein, a 
time difference between the first group of gate lines and 
the second group of gate lines being fed the gate pulses 
is a time period of one horizon line or several horizontal 
lines. 

[0016] Preferably, in the foregoing driving device for the LCD, 

each of the first group of gate lines and the second group 
of gate lines further includes a shift register receiving an 
input data, a level shifter coupled to the shift register, and 
an output buffer coupled to level shifter and the corre- 
sponding group of gate lines. Wherein, the first gate 
driver and the second gate driver can be implemented at 
the same side or different sides. Wherein, when the first 
gate driver and the second gate driver are at the same 
side, the first gate driver and the second gate driver can 
be the same diver or different drivers. 

[0017] Preferably, in the foregoing driving device for the LCD, it 



further includes a second source driver having a second 
group of source lines coupled to the LC panel. Wherein, 
the first group of source lines is used to feed with a 
source actual image data, and the second group of source 
lines is used to feed with a source black image data. Al- 
ternatively, the first group of source lines is used to feed 
with a source black image data, and the second group of 
source lines is used to feed with a source actual image 
data. Wherein, a time difference between the first group of 
source lines and the second group of source lines being 
fed data is a time period of one horizon line or several 
horizontal lines. 

[0018] Preferably, in the foregoing driving device for the LCD, 
each of the first source driver and the second source 
driver further includes a DAC coupled to an analog input 
data, and a output buffer coupled to the DAC and the cor- 
responding source lines in the group. Wherein, the first 
source driver and the second source driver can be imple- 
mented at the same side or different sides. Wherein, when 
the first source driver and the second source driver are at 
the same side, the first source driver and the second 
source driver can be the same diver or different drivers. 

[0019] | n the foregoing descriptions, the driving circuit for the 



LCD panel with fast response speed in the invention can 
only use the TN or vertical alignment (VA) LC, without us- 
ing the OCB LC as the LC panel. This can solve the con- 
ventional issues of using the OCB LC, which further causes 
an over-high of driving frequency and needs to pre- 
convert the OCB LC from the splay state to the bend state, 
so as to continuously producing the gray level, and needs 
a controller of the back light module to have the control 
between the actual image data and the black image data. 
The fabrication cost, production cycle, complicity of the 
LCD, and so on can be effectively reduced. 
[0020] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0021] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0022] FIG. 1 is a drawing, schematically illustrating a conven- 



tional TFT-LCD panel structure. 
[0023] FIG. 2 is a drawing, schematically an LCD panel with the 
drivers, according to a preferred embodiment of the in- 
vention. 

[0024] FIG. 3 is a drawing, schematically illustrating an LCD panel 
with the drivers, according to another preferred embodi- 
ment of the invention. 

[0025] FIGs. 4A-4B is a drawing, schematically illustrating a driv- 
ing circuit on an LCD panel, according to a preferred em- 
bodiment of the invention. 

[0026] FIGs. 5A-5B is a drawing, schematically illustrating a driv- 
ing circuit on an LCD panel, according to another pre- 
ferred embodiment of the invention. 

[0027] FIG. 6 is a drawing, schematically illustrating the output 
signals of the gate driver, according to a preferred em- 
bodiment of the invention. 

[0028] FIG. 7 is a drawing, schematically illustrating a scanning 

status for an image frame of the LCD panel, according to a 
preferred embodiment of the invention. 

[0029] FIG. 8 is a block drawing, schematically illustrating the 
gate driver, according to a preferred embodiment of the 
invention. 

[0030] FIG. 9 is a block drawing, schematically illustrating the 



source driver, according to a preferred embodiment of the 

invention. 
Detailed Description 

[0031] | n the following descriptions, FIG. 2 is a drawing, 

schematically an LCD panel with the drivers, according to 
a preferred embodiment of the invention. 

[0032] | n FIG. 2, an LC panel 202 with the driving circuit is pro- 
vided and is suitable for use on a normally black panel. It 
includes a first group of gate lines from Gl to Gn, and a 
second group of gate lines from GR1 to GRn, and a first 
group of source lines from SI to Sm. Wherein, the first 
group of gate lines from Gl to Gn is coupled to the gate 
electrodes of the first group of transistors Tl, which serv- 
ing as the switching function for data scan of the LC panel 
202. The second group of gate lines from GR1 to GRn is 
coupled to the gate electrodes of the second group of 
transistors T2. Wherein, the transistors Tl and T2 in- 
cludes thin film transistor (TFT). 

[0033] in the foregoing embodiment, the first group of gate lines 
from Gl to Gn and the second group of gate lines from 
GR1 to GRn can be used to feed with gate pulse signals to 
the LC panel 202. For example, when the first group of 
gate lines from Gl to Gn is fed with the gate pulse signals 



of an actual image, the second group of gate lines from 
GR1 to GRn is fed with gate pulse signals of a black im- 
age. In this situation, a black image can be inserted after 
at least one horizontal line, or several horizontal lines. Al- 
ternatively, when the first group of gate lines from Gl to 
Gn is fed with the gate pulse signals of a black image, the 
second group of gate lines from GR1 to GRn is fed with 
gate pulse signals of an actual image. The effect is similar. 
[0034] | n FIG. 2, a gate driver 204 and a source driver 206 can be 
further included. In this manner, by using the sequence 1/ 
O of the two groups of gate drivers, D_l/0 and DRJ/O, it 
can be achieved to have interlacing scan on the image. 
The two groups of sequence signals D_l/0 and DRJ/O 
can be simultaneously obtained from the sequence con- 
troller, or one of them is obtained by the internal counting 
from the gate driver 204. Using the two sequence signals 
D_l/0 and DRJ/O being fed to the gate diver 204, the 
pulse signals are generated and exported to first group of 
gate lines Gl to Gn, and the second group of gate lines 
GR1 to GRn, so as to drive the LCD panel. Referring to FIG. 
6, it is a drawing, schematically illustrating the output 
signals of the gate driver, according to a preferred em- 
bodiment of the invention. For example, after the se- 



quence signals D_l/0 are fed to the gate driver 204, the 
gate pulse signals are generated in sequence and are fed 
to the first group of gate lines CI to Gn, wherein the state 
of up/down (U/D) for input control of the gate driver is U/ 
D=l. At this moment, the actual image data from the 
source driver 206 are exported to the pixels of the 
scanned line. At a period of time after the sequence sig- 
nals D_l/0 have been fed, the sequence signal DRJ/O are 
fed to the gate driver 204. The gate pulse signals for the 
black image data with respect to the second group of gate 
lines GR1 to GRn are sequentially generated and exported 
to the second group of gate lines GR1 to GRn, wherein the 
gate driver is at the state of U/D=l. As shown in FIG. 6, 
the scanning pulses of the actual image data and the 
black image data relatively has a time difference. This 
time difference is called as the effective imaging time of 
the horizontal line. The quantity of the effective imaging 
time is depending on the impulse response of the human 
eye. 

[0035] FIGs. 4A-4B is a drawing, schematically illustrating a driv- 
ing circuit on an LCD panel, according to a preferred em- 
bodiment of the invention. When the gate drivers 204 for 
the first group of gate lines Gl to Gn and the second 



group of gate lines GR1 to GRn are at the same side of the 
LC panel, the structure is shown in FIG. 4A. Alternatively, 
when the first gate driver 204a of the first group of gate 
lines Gl to Gn, and the second gate driver 204b of the 
second group of gate lines GR1 to GRn are at different 
sides, the structure is shown in FIG. 4B. The sequence sig- 
nals D_l/0 are fed to the gate driver 204a, and the se- 
quence signals DRJ/O are fed to the gate driver 204b, 
then pulse signals are generated and fed to the first group 
of gate lines Gl to Gn and the second group of gate lines 
GR1 to GRn. The results are similar to the results in FIG. 
4A. FIG. 7 is a drawing, schematically illustrating a scan- 
ning status for an image frame of the LCD panel, accord- 
ing to a preferred embodiment of the invention. In FIG. 7, 
the scanned result at the middle region of time is from the 
output of the actual image being scanned from top to 
bottom, and scanned result at the front and the post re- 
gions is the output of the black image being also scanned 
together with the actual image from top to bottom. In 
other words, the output of black image can last for a time 
period of one horizontal line, several horizontal lines, or 
the whole image, or even more. For all of the gate drivers, 
the scanning direction can be from the top part to the 



bottom part, or from bottom part to top part. 
[0036] | n the following descriptions, FIG. 3 is a drawing, 

schematically illustrating an LCD panel with the drivers, 
according to another preferred embodiment of the inven- 
tion. 

[0037] | n FIG. 3, an LC panel 302 with the driving circuit is pro- 
vided, and is suitable for use on a normally white panel or 
a normally black panel. It includes a first group of gate 
lines Gl to Gn, a second group of gate lines GR1 to GRn, a 
first group of source lines SI to Sm, and a second group 
of source lines SRI to SRm. Wherein, the first group of 
gate lines Gl to Gn is coupled to the gate electrodes of 
the first group of transistors T3 of the LC panel 302 for 
driving use. The second group of gate lines GR1 to GRn is 
coupled to the gate electrodes of the second group of 
transistors T4, wherein the transistors T3 and T4 include 
TFT. 

[0038] in the foregoing embodiment, at least one of the first 

group of gate lines Gl to Gn and the second group of gate 
lines GR1 to GRn can be used to feed pulse signals to the 
LC panel 302. For example, when the first group of gate 
lines from Gl to Gn is fed with the gate pulse signals of 
an actual image, the second group of gate lines from GR1 



to GRn is fed with gate pulse signals of a black image. In 
this situation, a black image can be inserted after at least 
one horizontal line, or several horizontal lines. Alterna- 
tively, when the first group of gate lines from Gl to Gn is 
fed with the gate pulse signals of a black image, the sec- 
ond group of gate lines from GR1 to GRn is fed with gate 
pulse signals of an actual image. The effect is similar. 
[0039] | n FIG. 3, the embodiment can further include a gate 

driver 304 and a source driver 306. In this situation, by 
using two groups of sequence signals D_l/0 and DRJ/O, 
it can be achieved to have interlacing scan on the image. 
The two groups of sequence signals D_l/0 and DRJ/O 
can be simultaneously obtained from the sequence con- 
troller, or one of them is obtained by the internal counting 
from the gate driver 304. Using the two groups of se- 
quence signals D_l/0 and DRJ/O being fed to the gate 
diver 304, the pulse signals are generated and exported 
to first group of gate lines Gl to Gn, and the second 
group of gate lines GR1 to GRn, so as to drive the LCD 
panel. Referring to FIG. 6, it is a drawing, schematically il- 
lustrating the output signals of the gate driver, according 
to a preferred embodiment of the invention. For example, 
after the sequence signals DJ/O are fed to the gate driver 



304, the gate pulse signals are generated in sequence and 
are fed to the first group of gate lines Gl to Gn. At this 
moment, the actual image data from the source driver 306 
are exported to the pixels of the scanned line. At a period 
of time after the sequence signals D_l/0 have been fed, 
the sequence signal DRJ/O are fed to the gate driver 304. 
The gate pulse signals for the black image data with re- 
spect to the second group of gate lines GR1 to GRn are 
sequentially generated and exported to the second group 
of gate lines GR1 to GRn. As shown in FIG. 6, the scanning 
pulses of the actual image data and the black image data 
relatively has a time difference. This time difference is 
called as the effective imaging time of the horizontal line. 
The quantity of the effective imaging time is depending 
on the impulse response of the human eye. 
[0040] | n piGs. 4A and 4B, when the gate drivers 304 for the first 
group of gate lines Gl to Gn and the second group of gate 
lines GR1 to GRn are at the same side of the LC panel 302, 
the structure is shown in FIG. 4A. Alternatively, when the 
first gate driver 304a of the first group of gate lines Gl to 
Gn, and the second gate driver 304b of the second group 
of gate lines GR1 to GRn are at different sides, the struc- 
ture is shown in FIG. 4B. The sequence signals D_l/0 are 



fed to the gate driver 304a, and the sequence signals 
DRJ/O are fed to the gate driver 304b, then pulse signals 
are generated and fed to the first group of gate lines Gl 
to Gn and the second group of gate lines GR1 to GRn. The 
results are similar to the results in FIG. 4A. 

[0041] Referring to FIGs. 5A and 5B, in the embodiment, when 
the source drivers 306 for the first group of source lines 
SI to Sm and the second group of source lines SRI to SRm 
are at the same side of the LC panel 302, the structure is 
shown in FIG. 5A. Alternatively, when the first source 
driver 306a of the first group of source lines SI to Sm, 
and the second source driver 306b of the second group of 
source lines SRI to SRm are at different sides, the struc- 
ture is shown in FIG. 5B. In FIGs. 5A and 5B, the structure 
that the first group of gate lines Gl to Gn and the second 
group of gate lines GR1 to GRn are at different sides of 
the LC panel 302, and the structure that the first group of 
gate lines Gl to Gn and the second group of gate lines 
GR1 to GRn are at the same sides of the LC panel 302 
have the same result as shown in FIGs. 5A and 5B and the 
following results. 

[0042] For example, when the first group of source lines SI to 
Sm is used to feed with an actual image data, then the 



second group of source lines SRI to SRm is used to feed 
with a black image data. In this manner, between at least 
one or multiple horizontal lines, a black image is inserted. 
Alternatively, it still can have the same results that the 
first group of source lines SI to Sm is used to feed with a 
black image data and the second group of source lines 
SRI to SRm is used to feed with an actual image data. 
[0043] FIG. 8 is a block drawing, schematically illustrating the 
gate driver, according to a preferred embodiment of the 
invention. In FIG. 8, the foregoing gate drivers 204 and 
304, the first gate drivers 204a and 304a, and the second 
gate drivers 204b and 304b can be a driver 800 as shown 
in FIG. 8. The internal functional blocks at least include a 
shit register 802 coupled to receive data input, which at 
least include the sequence signals D_l/0 and DRJ/O, or 
even the sequence signals D_0/l and DR_0/l. A level 
shifter 804 is coupled to the shift register 802. An output 
buffer 806 is coupled to the level shifter 804 and the cor- 
responding gate lines. In FIG. 8, the voltages VGG and VEE 
respectively represent the input voltages of the positive 
bias and negative bias for the gate lines Gl to Gn. VDD 
represents the input voltage for the digital circuit in the 
drawing. CLK represents the input clock and U/D repre- 



sents the control input of up/down of the gate driver. The 
first group of gate lines Gl to Gn of the first gate driver 
204a, as shown in FIG. 8, can also be the second group of 
gate lines GR1 to GRn, or the first and second groups of 
gate lines Gl, GR1 to GR1, GRn. In the gate driver 800, it 
can further include a control block 808 for executing 
other actions. 

[0044] FIG. 9 is a block drawing, schematically illustrating the 

source driver, according to a preferred embodiment of the 
invention. In FIG. 9, the foregoing source drivers 206 and 
306, the first source driver 306a, and the second source 
driver 306b can be a driver 900 as shown in FIG. 9. The 
internal functional blocks include a digital to analog con- 
verter (DAC) 902 coupled to receive a reference input, and 
an output buffer 904 coupled to the DAC 902 and corre- 
sponding source lines SI to Sm. The source driver can 
further include a control block 906 to execute other ac- 
tions. POL in FIG. 9 represents a control input in electric 
polarity and LD represents a latching control input. 

[0045] As the foregoing descriptions, the present invention is di- 
rected to a LCD panel with fast response and the driving 
circuit. It has been sufficient to only use TN LC or VA LC 
without using the OCB LC to form the LC panel. This can 



solve the conventional issue for needing to pre-transform 
the OCB LC from the splay state to the bend state to re- 
duce the over-high driving frequency, due to the OCB LC 
being necessary to be used, so as to continuously produce 
the gray level. Also and, the conventional design needs 
controller for the back light module, so as to control be- 
tween the actual image and the black image. The present 
invention can reduce several issues including the fabrica- 
tion cost, the production cycle, the complexity of the LCD 
panel, and so on. 
[0046] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



